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ABSTRACT
Rice blast disease caused by Pyricularia oryzae is one of the major diseases of rice in
Sarawak, Malaysian Borneo. Unfortunately, the documentation and characterization of P.
oryzae in Sarawak, resistance of Sarawak rainfed lowland landraces against P. oryzae and
crucial information on the population genetics of P. oryzae in the Sarawak paddy fields are
still lacking. This study aims to: 1) isolate and characterize rice blast fungus from infected
paddy leaves collected from four divisions in Sarawak, viz, Miri, Sri Aman, Serian and
Kuching, 2) screen the selected Sarawak lowland rice landraces (Bubuk, Pandan,
Semanggang, Bario (Bintung), Entangor, Entaba (Lembut), Brunei, Bario Hitam, Perintah,
Sebuti, Bario Putih, Sabak Hitam, Kuning, Rendah and Saga) for resistance against
different isolates of P. oryzae at seedling stage and 3) analyse the genetic relatedness of P.
oryzae in Sarawak with isolates from Peninsular Malaysia. Fifteen succeeded isolates were
pre-identified as P. oryzae by morphological characteristics of spores, followed by
verification through internal transcribed spacer (ITS) sequence. The isolates were
evaluated for morphological characteristics, growth rate and sporulation rate, which were
grown on six types of media, oatmeal agar (OMA), potato dextrose agar (PDA), malt
extract agar (MEA), cornmeal agar (CMA), rice agar (RA) and barley agar (BA).
Morphological characterization showed that the colony surface of the different isolates
varied from smooth and fluffy to rough and flattened mycelia; some were with the present
of concentric rings and some with aerial mycelia. There were no morphological characters
that are unique to a specific location. The growth rate and sporulation rate of each isolate
varied based on types of media used. In general, among the six media, four media, viz;
OMA, PDA, CMA and BA were found favourable for mycelial growth and sporulation for
most of the isolates. Disease test screening were done by inoculating 15 lowland rice
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landraces against five different isolates of P. oryzae, viz; isolate POK3, POK6, POS2,
POMI1 and POSA2. The results showed that all rice landraces were resistance against four
P. oryzae isolates namely, POK3, POK6, POS2 and POMI1. Nine rice landraces showed
mild resistance against isolate POSA2. Isolate specificity resistance was observed.
Phylogenetic tree analysis based on Internal transcribed spacer (ITS) region was
constructed by using maximum-likelihood method involving eight isolates from Sarawak
and seventeen different isolates from five different states in Peninsular Malaysia. The
results found that all isolates from Sarawak except isolate POSA1 were genetically related
to isolates from Peninsular Malaysia.
Keywords: Pyricularia oryzae, Sarawak, variation, resistance, relatedness
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Pencirian Pyricularia oryzae dan Penilaian Kerintangan Varieti Padi Rendah Sarawak
yang Rintang Terhadap Patogen
ABSTRAK
Penyakit karah padi yang disebabkan oleh Pyricularia oryzae adalah salah satu penyakit
padi yang utama di Sarawak, Borneo Malaysia. Malangnya, tiada dokumentasi atau
pencirian mengenai P. oryzae di Sarawak, rintangan padi rendah di Sarawak terhadap P.
oryzae, dan juga maklumat penting mengenai populasi genetik P. oryzae di kawasan padi
di Sarawak adalah amat kurang. Kajian ini bertujuan untuk 1) memencilkan dan
mencirikan kulat karah padi yang diperoleh daripada daun yang dijangkiti dari empat
daerah di Sarawak, iaitu; Miri, Sri Aman, Serian dan Kuching, 2) saringan kerintangan
padi rendah Sarawak (Bubuk, Pandan, Semanggang, Bario (Bintung), Entangor, Entaba
(Lembut), Brunei, Bario Hitam, Perintah, Sebuti, Bario Putih, Sabak Hitam, Kuning,
Rendah and Saga) terhadap isolat P. oryzae yang berbeza di peringkat anak benih 3)
analisa pertalian genetik P. oryzae di Sarawak dengan P. oryzae di Semenanjung
Malaysia. Lima belas isolat berjaya dikenalpasti sebagai P. oryzae pada peringkat awal
berdasarkan ciri-ciri morfologi spora, diikuti dengan pengesahan melalui “internal
transcribed spacer” (ITS). Isolat kemudiannya dikaji ciri-ciri morfologi, kadar
pertumbuhan dan kadar sporulasi di atas enam jenis media perkulturan, iaitu, agar
oatmeal (OMA), agar kentang dekstrosa (PDA), agar malt ekstrak (MEA), agar jagung
(CMA), agar beras (RA) dan agar barli (BA). Pencirian morfologi menunjukkan
permukaan koloni dari isolat yang berbeza adalah pelbagai bermula daripada, permukaan
yang lembut dan gebu kepada permukaan yang kasar dan mycelia yang rata; sesetengah
mempunyai permukaan yang berbentuk seperti cincin berpusat dan sesetengah
daripadanya mempunyai mycelia yang menegak. Tiada ciri-ciri morfologi yang unik bagi
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lokasi yang spesifik. Kadar pertumbuhan dan sporulasi bagi setiap isolat adalah pelbagai
bergantung kepada jenis media yang digunakan. Secara amnya, di antara enam media
yang digunakan, empat media daripadanya, iaitu; OMA, PDA, CMA dan BA merupakan
media yang sesuai untuk pertumbuhan mycelia dan sporulasi bagi kebanyakan isolat.
Saringan ujian berpenyakit dilakukan dengan menginokulasi 15 jenis padi rendah
Sarawak terhadap 5 jenis P. oryzae yang berbeza, iaitu; POK3, POK6, POS2, POMI1 dan
POSA2. Keputusan menunjukkan bahawa kesemua jenis padi adalah rintang terhadap
empat isolat P. oryzae, iaitu; POK3, POK6, POS2 dan POMI1. Sembilan jenis padi
menunjukkan sederhana rintang terhadap isolat POSA2. Pengkhususan isolat diperhatikan.
Pokok filogeni berdasarkan “internal transcribed spacer” dibina menggunakan kaedah
“maximum-likelihood’ melibatkan lapan isolat dari Sarawak dan tujuh belas isolat dari
lima negeri yang berbeza di Semenanjung Malaysia. Keputusan menunjukkan bahawa
kesemua isolat dari Sarawak kecuali isolat POSA1 adalah berkaitan rapat secara genetik
dengan isolat dari Semenanjung Malaysia.
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One of the most important food crops that feed more than 50% of the world
population is rice. This cereal crops had contributes more than half of the total calories
consumed in some places in Asia (Talbot & Wilson, 2009). Along with the increasing
trend of human population, the demand for rice is also increasing. In order to meet the
demands, it is needed for the agriculture in all parts of the world to make improvements
(Scheuermann et al., 2012). However, diseases and pests cause great losses in crop
productions (Chen et al., 2013). Recent study revealed that every year in tropical Asia, the
rice yield losses can reach approximately 120 – 200 million tons (Gianessi, 2014). Increase
the rice production is always challenged by rice diseases such as blast, sheath blight, sheath
rot, bacterial blight and rice tugro disease (Gnanamanickam, 2009). Rice blast disease was
the main focus of rice diseases in this study.
Rice blast, caused by filamentous ascomycete fungus, Pyricularia oryzae Sacc
(teleomorph Magnaporthe oryzae T.T. Hebert), (Silva et al., 2009) is the most destructive
diseases of rice worldwide. It can attack all stages of rice development and all aerial parts
of rice plant (leaves, stems, nodes and panicles) (Talbot & Wilson, 2009). The lesion is
typically a diamond shape with grayish center and brown margin. Under favourable
conditions, the lesions can enlarge rapidly and tend to coalesce, leading to plant death
(Wang et al., 2014). Rice blast is recognized as one of the major biotic stresses that could
lead up to 10% and 30% significant yield losses each year, globally (Skamnioti & Gurr,
2009; Zhou, 2016). In Malaysia, rice yield loss due to rice blast can reach up to 50%
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(Gianessi, 2014; Elixon et al., 2017). In Sarawak, surveys from 2009 until 2012 in Sarawak
showed that more than 50% of the surveyed rice field had moderate to high disease
severity (Lai & Eng, 2011; Lai & Eng, 2013; Lai, 2016). Surveyed rice field that had high
blast incidence were located at Lundu, Bario, Daro and Kuching. The landraces with high
blast incidence cultivated at mentioned location above were paddy Pait, Semumot, Pulut,
Adan, Pd Wong, Wai, Wangi Hitam, Wai Hitam, Wai Kuning, Bugis, Wangi, Nangka and
Pulut (Lai & Eng, 2011; Lai & Eng, 2013). This incidence were related with traditional
rice landraces that were still widely used by most farmers in Sarawak. This preliminary
study suggests that rice production in Sarawak is also threatened by rice blast.
Breeding blast resistant varieties is a promising method in rice blast management
(Ashkani et al., 2015a). However, it is a constant challenge for breeders to breed for new
resistant varieties as the resistance might eventually overcome by P. oryzae. This is due to
their availability of genetic diversity and their ability to recombine, which allow the
occurrence of new virulent strains (Scheuermann et al., 2012). For example, rice blast
resistant cultivar MR 219 (Hussain et al., 2012) in Peninsular Malaysia had its resistance
breakdown, which led to rice blast disease outbreak (Abed-Ashtiani et al., 2016). It is
expected that the same phenomenon will be observed in Sarawak. One of the most
effective approaches to overcome this situation is by combining multiple genes of blast
resistance in rice through gene pyramiding (Ashkani et al., 2015a; Ning et al., 2020), or
breeding for quantitative resistance based on quantitative trait loci (QTLs) (Khush & Jena,
2009).
In Sarawak, the diversity of rice landraces can be the sources of genetics for
breeding. At the Agriculture Research Centre (ARC), Semenggok, there are currently a
total of 1652 accessions of traditional rice varieties being conserved (Teo, n.d.). Based on
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preliminary screening, Biris is resistance to P. oryzae isolated from Bario, thus suggesting
Biris can be a resistance donor to improve the resistance of Bario rice against P. oryzae
(Zhen, 2015).
The knowledge on the genetic variations of P. oryzae could aid in managing rice
blast disease. High genetic variations in a population will allow higher genetic
recombination. Consequently, the breaking down of disease resistance will be rapid
(Scheuermann et al., 2012). In Peninsular Malaysia, there are already four reports on the
variations of P. oryzae (Abdul Rahim et al., 2013; Mat Muni & Nadarajah, 2014; Hasan et
al., 2016; Abed-Ashtiani et al., 2016) where the pathogen were evaluated for their
morphological variation, pathogenicity, and genetic characterization. Unfortunately, there
is lack of documentation and characterization of P. oryzae in Sarawak, resistance of
Sarawak rainfed lowland landraces against P. oryzae and crucial information on the
population genetics of P. oryzae in the Sarawak paddy fields.
1.2 Objectives
i. To isolate and characterize P. oryzae isolated from four different divisions
of Sarawak.
ii. To screen selected Sarawak lowland rice landraces with resistance to
different isolates of P. oryzae at seedling stage.





2.1 Rice in Malaysia
Rice is the main staple food in Malaysia and it is ranked as the third most widely
planted crop after oil palm and rubber (Department of Agriculture, 2016). In the year 2018,
paddy was planted across 699,980 hectares resulting 1,700,231 metric tonnes of rice
production. As a result, the rice production has increased 2.7% from 2,570.5 thousand
tonnes to 2,639.9 thousand tonnes (Department of Statistics Malaysia, 2019). First quarter
of 2020, Malaysian population already reached 32.73 million (Department of Statistics
Malaysia, 2020). The demand for domestic need increases as Malaysian population rises.
Malaysian government put a 100% as the targeted self-sufficiency level (SSL). To date,
Malaysia only managed to achieve approximately 70% of SSL. The remaining 30% of SSL
gap was filled with the rice imported primarily from Thailand and Vietnam to fulfill the
domestic need (Omar et al., 2019).
The rice environment commonly can be classified as irrigated, partially irrigated,
rainfed lowland and upland. The Peninsular Malaysia is predominately with irrigated
lowland, while in Sabah and Sarawak, rainfed rice and upland rice respectively (Abu,
2012). In 2018, total planted area of paddy in Sarawak is 135,426 ha and the paddy
production is 265,358 tonnes (Agrofood Statistic, 2018).
2.2 Rice blast epidemiology and management
Rice blast disease is one of the most severe rice diseases caused by Pyricularia
oryzae, the filamentous ascomycete fungus (Talbot & Wilson, 2009; Scheuermann et al.,
2012). Great damages had occurred annually worldwide and it was estimated that the
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outbreak of this diseases can destroy yield, enough to feed 60 million people (Moore et al.,
2011). Over the last few centuries, rice production expanded through Asia, Latin America
and Africa. The disease spread widely and recently it is found over 85 countries worldwide.
In early 1637, this disease that was known as rice fever was discovered in China. In 1704,
it was reported in Japan as Imochi-byo (Wang & Valent, 2009). In temperate and
subtropical areas of Asia, rice blast severely affects lowland rice while in tropical areas of
Asia, Latin America and Africa; it is highly destructive to upland rice (Wang et al., 2014).
Rice blast is a polycyclic disease. The pathogen produces more than one infection
cycle per crop cycle. The infected seeds, crop residues and spores dispersed by wind from
neighbour farming areas are the origin of primary infections. Secondary infections are
originated from the sporulating lesions on infected leaves (Arneson, 2001; Scheuermann et
al., 2012). Some of the weather conditions increase the risk of disease development such as
relative humidity, temperature and leaf wetness. Conidia are produced and released during
high relative humidity, while there is no production of spore for relative humidity below
89% (Webster, 2000). Temperature between 16-25 oC are optimum for appressorium
formation and between 25–28 oC are optimum for spore germination (Webster & Gunnell,
1992). Leaf wetness, such as dew, mist and drizzle, are essential for infection of the
pathogen (Webster & Gunnell, 1992; Scheuermann et al., 2012). Soil fertility also affects
the disease severity, where high amount of nitrogen or organic matter will increase disease
development (Scheuermann et al., 2012).
The management of rice blast disease involves strategies such as planting resistant
cultivars, cultural practices and the usage of fungicides (Webster, 2000). Planting rice
varieties with resistance is one of the most effective strategies since it is more durable and
is an environment-friendly approach (IRRI, 2004; Nutsugah et al., 2008).
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In Malaysia, breeding for rice were initially developed by Department of
Agriculture (DOA) before officially taken over by Malaysian Agriculture Research and
Development Institute (MARDI) since 1969 (NurulNahar et al., 2020). Since then, MARDI
had been released up to 49 rice varieties (Ramli, 2019). According to Habibuddin (2012) as
cited in NurulNahar et al. (2020), in 1979, the earliest rice blast resistance varieties
released was known as MR 7 (Sekencang). A number of rice varieties with resistance to
blast had been released but becoming susceptible after few cropping seasons. For instance,
MR 219 and MR 220 that were once resistance towards rice blast disease had become
susceptible over time. Few new rice resistance varieties were introduced as an alternative
for MR 219 and MR 220, namely MR 232, MR 253 and MR 263 (Amzah et al., 2013).
Latest rice varieties released that produced high yield and had high resistance towards rice
blast were known as MR 269, MR 284, MARDI Siraj 297 and MARDI Sempadan 303
(Sunian et al., 2019).
Cultural practices that are effective are destruction of infested residue, use of non-
infected seed, water seeding, continuous flood and avoiding excessive nitrogen fertilizer
application (Webster, 2000). Nitrogen fertilizer application is recommended at 120 kg N/ha
and were given as needed according to Leaf Colour Chart (LCC) (Jabatan Pertanian, n.d.).
Other than that, usage of certified seeds could avoid weed problems as weed would
possibly be the potential host for P. oryzae. One of the most common weed species found
in rice field is Echinochloa crus-galli (L). Azmi and Baki (2007) reported that E. crus-galli
was one of the weeds that grew dominantly in Muda rice granary area based on the
percentage of the infested area. Therefore, controlling the potential host of P. oryzae might
be able to reduce the chances of rice blast infection towards rice plant.
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Fungicides application at seedling stage can control leaf blast (refer Section 2.3),
while application at more than 20 days before heading can defend against panicle blast
(refer Section 2.3) (Kato, 2001). According to Maisarah et al. (2014) as cited by
NurulNahar et al. (2020), systemic chemical fungicides based on active ingredients of
tricyclazole, isoprothiolane or azoxystrobin were recommended for Malaysian rice field.
2.3 Rice blast symptoms
Rice blast can be found causing various symptoms on leaves, stems, nodes and
panicles at all growth stages (Table 2.1) (Talbot & Wilson, 2009).
Table 2.1: Symptoms of rice blast disease (Subcommittee on Plant Health Diagnostic,
2015)
Infected part Symptom description
Leaf blast Grey-green with dark borders appears on the initial lesions/spot
while white-grey surrounded with a red-brown margin and are
diamond shape occurred on the older lesions. Usually, the lesion
size is 1-1.5 cm long and 0.3-0.5 cm wide. The lesions can combine
and kill the entire leaf under favourable conditions.
Collar rot The lesions are found at the junction of the leaf blade and leaf
sheath. This can kill the entire leaf.
Neck rot The symptom can be detected at the base of panicle and this could
kill the entire panicle. Infected panicles appear white and are
partially or completely empty.
Panicle blast The panicle change to brown or black colour
Node infection Black-brown colour and dry occurred at infected nodes and usually
appear in banded pattern. This infection could break the culm, thus
lead to the death of plant.
